Simultaneous recording of intracardiac pressures and heart sounds has been made possible by the introduction of a high-frequency micromanometer developed by Soulie et al. (1954). Using this technique Soulie et al. (1961) have reported their findings in congenital and acquired heart disease. Analysing the second heart sound in recordings from the pulmonary artery and right ventricle in 11 cases of atrial septal defect, they report that splitting of the second sound does not appear to be synchronous with what has always been presumed to be aortic and pulmonary valve closure. On this basis conventional theories about recording the second heart sound in atrial septal defect were challenged.
tract were called P3 and RVP3 respectively. The P2-P3 interval range was measured and it was also noted whether a diastolic murmur followed in the P2-RVP3 interval. In 3 of the 30 cases the external phonocardiogram was recorded with a conventional 8F cardiac catheter in the pulmonary artery, right atrium, and superior vena cava and the records examined for additional diastolic sounds. 
RESULTS
The findings are shown in Table II . P3 was recorded in 24 patients. In the 6 patients where P3 was not recorded (Cases 6, 7, 9, 17, 19, 21) , pulmonary stenosis was present, which was at valvar level in 5 and at infundibular level in 1. In these 6 patients P2 was delayed and diminished in intensity. Mild infundibular pulmonary stenosis was present in one patient in whom P3 was recorded (Case 27), but P2 in this case was not diminished. P3 was intense (+ + +) in the main pulmonary artery in 6 patients (Cases 3, 10, 14, 15, 23, 24) and moderately intense (+ +) in a further 6 (Cases 1, 8, 12, 13, 25, 30) . In all these patients the sound was also recorded on the external phonocardiogram. The intensity of P3 always diminished when the catheter was in a branch of the pulmonary artery as compared with the main pulmonary artery (Fig. 3) . Of the patients with intense or moderately intense P3, 11 had either increased pulmonary artery pressure or increased pulmonary blood flow due to a left-to-right shunt at atrial or ventricular level. Case 30 in whom P2 -and P3 were extremely loud had a high output state in the absence of valvular heart disease or intracardiac shunt. In 23 of the patients where P3 was clearly recorded the P2-P3 interval was measured. In one patient (Case 5) it was not possible to designate clearly P3 in all cycles owing to an intense murmur recorded in the pulmonary artery. The P2-P3 interval was longest where the output of the right ventricle was high and the right ventricle active, as in atrial septal defect and other left-to-right shunts. Usually the larger the left-to-right shunt, the wider was the P2-P3 interval. Where P3 was recorded but the P2-P3 interval short, output of the right ventricle was generally low. This was particularly shown in the patients with complicated mitral valve disease (see Table II ).
RVP3 was recorded in 25 cases with the catheter tip positioned in the outflow tract of the right ventricle just below the pulmonary valve. Pulmonary valve stenosis was present in the five patients 320 RESNEKOV AND SOMERVILLE (Case 17) . A diastolic murmur in the P2-RVP3 interval presumably due to pulmonary incompetence was recorded in 13 cases. P3 and RVP3 were never recorded by the intracardiac phonocardiogram in tracings from the body of the right ventricle, right atrium, or superior vena cava (Fig. 4) . In the three cases where the external phonocardiogram was recorded with a conventional catheter in the chambers of the right side of the heart, additional sounds with the same timing as P3 and RVP3 appeared when the catheter was in the pulmonary artery ( RESNEKOV AND SOMERVILLE E. C. G.
-. 
DIscuSSION
The nature of the additional sounds P3 and RVP3 can only be understood when it is accepted that the sounds conventionally labelled A2 and P2 are produced by closure of the aortic and pulmonary valves. If P2 is caused by pulmonary valve closure it should correspond exactly with the dicrotic notch of the pulmonary artery tracing in a recording system with synchronous sound and pressure recording. Leatham and Gray (1956) , using a system for which delay had to be allowed, assumed that the sound recorded on the external phonocardiogram which preceded the dicrotic notch on the pulmonary artery tracing by 0-02 sec. was caused by closure of the pulmonary valve (P2). With the micromanometer system used in this series there is no delay in pressure or sound recorded from within the heart. In all tracings the sound called P2 corresponds exactly with the dicrotic notch of the pulmonary artery. Furthermore P2 recorded from within the pulmonary artery is synchronous with the sound called P2 recorded on the external phonocardiogram. P2 is loudest when the tip of the catheter is close to the pulmonary valve. It is most intense when pulmonary valve closure would be expected to be loud as in pulmonary hypertension, and least intense when pulmonary valve closure is diminished as in pulmonary stenosis (Fig. 6 ). There seems little doubt, therefore, that the sound called P2 is unequivocally caused by pulmonary valve closure. As we have not made any direct measurements with the micromanometer recording in the region of the aortic valve it must be assumed that the sound that precedes P2 and occurs about 0-02 sec. before the dicrotic notch on the indirect carotid artery tracing is due to aortic valve closure (A2).
P3 is clearly separated from P2 which it follows after an interval that varies according to the hcmodynamic changes in each individual case and closely mimics the behaviour of P2. Like P2 it is frequently recorded synchronously on the external phonocardiogram. It varies in intensity in the different phases of respiration and is especially loud in cases of pulmonary hypertension. In contrast it may be difficult to identify P3 in the presence of pulmonary stenosis. It seems likely, therefore, that this additional diastolic sound is caused by the same mechanism as P2, namely, closure of the pulmonary valve. This concept is further supported by the fact that P3 is most intense when the catheter tip is near the pulmonary valve, and diminishes in intensity as the catheter tip passes away from the pulmonary valve into the pulmonary artery branches (Fig. 3) . The sound P3 can only be PULMONAR Y VALVE CLOSURE IN CARDIAC CATHETERIZATION recorded when the micromanometer catheter is through the pulmonary valve as shown in Fig. 4 . As this extra sound is not recorded in the region of the tricuspid valve it cannot be due to an opening snap of the tricuspid valve.
The production of P3 is not specific to the micromanometer catheter and can be seen on the external phonocardiogram with a conventional number 8F catheter in the main pulmonary artery (see Fig. 5 ), but is not present with the catheter recording from other parts of the heart in the same case. Eldridge and Hultgren (1959) have also demonstrated additional sounds on the external phonocardiogram related to the presence of a conventional cardiac catheter through the pulmonary valve. It is possible that the sound they have called X is the same as P3.
The sound RVP3 recorded with the tip of the micromanometer catheter close to the pulmonary valve in the outflow tract of the right ventricle does not necessarily have the same time relation to P2 as does P3 in the same patient. However, it would appear that RVP3 results from a similar mechanism. When present it is always associated with a characteristically deformed pressure pulse which is produced by movement of the catheter tip in and out of the pulmonary valve. At the beginning of the cardiac cycle the catheter tip lies in the infundibulum of the right ventricle and as the systolic pressure rises the tip is forced into the pulmonary artery usually accompanied by a sound on the internal phonocardiogram labelled C (Fig. 2) . The pulmonary valve closes at the expected time and P2 is recorded on the internal and external phonocardiogram. At this time the catheter tip is in the main pulmonary artery. When right ventricular diastole begins the catheter tip is drawn back into the right ventricle beneath the pulmonary valve. This is associated with a corresponding acute fall in pressure during which time the pulmonary valve now closes completely giving rise to RVP3 which is recorded simultaneously on the internal and external phonocardiogram. There is usually variation in the width of the deformed pressure pulse which corresponds with variation in the time interval between P2 and RVP3. We assume that RVP3 originates from the pulmonary valve for it is not recorded when the catheter tip is drawn away from the valve into the body of the RV where catheter movement cannot interfere with the closing mechanism of the pulmonary valve.
We have shown that P3 and RVP3 originate from the pulmonary valve, and their production depends on the presence of a catheter through this valve. Under these conditions pulmonary valve closure (P2) occurs at the expected time but is incomplete owing to the presence of the catheter. The catheter shaft is drawn back through the incompletely closed pulmonary valve during the most dynamic phase of right ventricular diastole, and it is likely that this movement mechanically causes the valve to open slightly. When the catheter stops moving with the tip remaining in the pulmonary artery, the pulmonary valve closes again, giving rise to P3. RVP3 recorded with the tip of the catheter in the infundibulum arises as a result of a similar mechanism, following the rapid withdrawal of the catheter tip in the pulmonary artery beneath the pulmonary valve. The P2-P3 interval varies with the stroke output and filling volume of the right ventricle and is therefore a measure of the most energetic phase of right ventricular diastole.
The recognition of these sounds and the understanding of their cause are important in the interpretation of intracardiac phonocardiography and for the study of the physiology of the heart in normal and abnormal states. P3 is easily identified as separate from P2 when records are taken at a sufficiently fast paper speed (80 mm./sec.). It is likely that these extra sounds were recorded by Soulie et al. (1961) who were unable to recognize their correct time and origin, as from published records it appears that their tracings were taken at too slow a paper speed. We are unable to agree that there is need to throw doubt on the conventional and accepted theories of the recording of the second heart sound. It is clear that the micromanometer catheter will produce and record additional sounds that must not be confused with normal physiological events.
SUMMARY
Intracardiac phonocardiographs were recorded from 30 unselected cases of congenital and acquired heart disease. Additional diastolic sounds have been recorded from the pulmonary -323 324 RESNEKO V AND SOMER VILLE artery (P3) and right ventricular infundibulum (RVP3). Both these sounds are related to the presence of the catheter through the pulmonary valve. It has been confirmed that the sound conventionally called P2 is caused by pulmonary valve closure.
